Socioeconomic determinants of cervical cancer screening in Latin America
Samir Soneji 1 and Natsu Fukui 2 The burden of cervical cancer is especially high in Latin America (1) , now ranking as the second most common cause of cancer among women in the region. In 2008, incidence in Latin America was four times higher and mortality five times higher than in North America (with incidence and mortality rates of 25 and 11 versus 6 and 2 cases per 100 000 respectively) (2) . Historically, prevention efforts largely focused on Pap smears. When conducted effectively, implementation of this type of screening has coincided with significant declines in cervical cancer incidence and mortality. For example, in Iceland, where a costeffective nationwide screening program was initiated in 1964, up-to-date screening coverage had reached 80% of women 25-69 years old by 1990, leading to a reduction in cervical cancer incidence and mortality of more than 80% (3, 4) . In contrast, little progress has been observed in Latin America, where screening rates remain consistently low, even in countries with national screening programs (5-7).
Collective understanding of the possible determinants of cervical cancer screening has grown through studies conducted in several Latin American countries, including Argentina, Costa Rica, Mexico, Nicaragua, and Peru. Women in the region face cultural, logistical, and cost barriers, and their screening is limited by underdeveloped laboratory services. Limited supply of highly trained health care providers and laboratory technicians, insufficient evaluation and follow-up of test results, and limited availability of and access to Pap smears all contribute to low screening and limit progress against the Soneji and Fukui • Socioeconomic determinants of cervical cancer screening Original research burden of cervical cancer (8) (9) (10) (11) (12) (13) (14) . Health care access and socioeconomic barriers may also limit overall screening coverage and contribute to disparities among population subgroups. A woman's ability and decision to receive screening may depend on her knowledge about Pap smears, health care access, socioeconomic status, and educational levels (11, 12, (15) (16) (17) . Two studies in particular-one in Nicaragua, and another in Argentina-found that health care access was independently predictive of having had a recent Pap smear after adjusting for socioeconomic status (12, 16) . However, to the best of the authors' knowledge, no study has examined the effect of health care access and socioeconomic determinants in other Latin American settings. The current study aimed to fill that gap by examining the impact of health care access and socioeconomic determinants on Pap smear screening in diverse populations from eight Latin American countries between 1987 and 2008. The main objective of this report is to identify the health care and socioeconomic determinants of Pap smear knowledge and screening. Identifying which determinants are common and which are not may help guide panLatin American public health efforts.
MATERIALS AND METHODS

Data
For this cross-sectional study, socioeconomic, health care utilization, and cervical cancer screening data collected in Demographic and Health Surveys (DHS) by the U.S. Agency for International Development (USAID) were analyzed for women aged 21-49 years. DHS are administered to scientifically selected samples of households and women of reproductive age to produce nationally representative data on the population, health, and nutrition of women and children in developing countries worldwide (18) . Pertinent information used in this study included the study data year; country; age, sex, type of residence, ethnicity, wealth, and educational attainment of the individuals in each study sample, and whether or not they had had a recent doctor's visit (within the past year); Pap smear use (various criteria by country); and knowledge of Pap smears. Ethnicity was categorized by broad, country-specific groups, according to self-report. Wealth was analyzed based on the DHS wealth index, which categorizes households into five quintiles according to ownership of household items identified as indicators of relative household wealth within each country (19) . Educational attainment was divided into four groups: no education ("none"), "primary," "secondary," and "higher" (post-secondary). Residence type was categorized as urban or rural. Recent Pap smear use was analyzed for all eight countries using the following study samples: Bolivia, The total number of survey respondents was 174 971. Table 1 presents individuallevel characteristics of the study population. Analysis of Pap smear knowledge was limited to Bolivia, Peru, and Trinidad and Tobago due to lack of available data for that variable.
Statistical analyses
Using multivariate logistic regression, the probability for both having knowledge of Pap smears and having a recent Pap smear screening was modeled as a function of age; ethnicity; educational attainment; type of residence; wealth quintile; recent doctor's visit ("yes" or "no"); and year. The results of both sets of statistical models are presented as relative risks (20) . A Pap smear was categorized as "recent" based on the standard for each country reflected in the DHS ("in the past year" for Brazil, Dominican Republic, Guatemala, Nicaragua, and Trinidad and Tobago; "in the past two years" for Ecuador; "in the past three years" for Bolivia; and "in the past five years" for Peru). Separate multivariate models were fitted for each country. For all analyses presented in this report, population projection weights calculated by the DHS were incorporated in the data to account for the cluster sampling design. Using the multivariate logistic regression model results, the predicted probability of a woman receiving a recent Pap smear screening was computed as a function of her DHS wealth index quintile, type of residence, and whether she had had a recent doctor's visit (21) . All other covariates were set at their modal values (e.g., among Bolivian women, age was set at 31-35 years. education was set as "primary," and the study data year was set as 2003). The R Project for Statistical Computing ("R") (version 2.9.2) was used for all statistical analyses. The Dartmouth College and Dartmouth-Hitchcock Medical Center Committee for the Protection of Human Subjects determined that this research met eligibility criteria for review exemption. Table 2 presents the proportions of women who reported having 1) a recent Pap smear screening and 2) knowledge of Pap smears, by country and year. In all countries, the proportion who said they had had a recent Pap smear was below 55%. For example, in the Dominican Republic (2007) the proportion was 49% (95% CI, 49%-50%), in Bolivia (2008) it was 42% (95% CI, 41%-43%), and in Peru (2008) it was 52% (95% CI, 51%-53%). The proportion of women with knowledge of Pap smears grew over time in both Bolivia and Peru, but the level of knowledge was consistently higher in the latter country.
RESULTS
Patterns in usage and knowledge of Pap smears
Socieconomic determinants of Pap smear knowledge
As shown in Table 3 , the key determinants of women's knowledge of Pap smears were age, educational attainment, and having had a recent doctor's visit. The likelihood of knowing about Pap smears increased with age (reaching a plateau among 31-35 year olds), and educational attainment. For example, in Bolivia, compared to women with primary education, women with no formal education were 19% less likely to know about Pap smears (95% CI, 16%-22%), whereas women with secondary and higher education were 11% (95% CI, 10%-13%) and 15% more likely (95% CI, 14%-17%) respectively. In Peru and Bo-
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Socioeconomic determinants of recent Pap smear
As shown in Table 4 , the most consistent determinants of having a recent Pap smear screening were wealth and having had a recent doctor's visit. In Bolivia, Brazil, the Dominican Republic, and Guatemala, a strong gradient was observed between wealth and the probability of recent Pap smear screening. For example, in Bolivia, compared to women in the middle wealth quintile, the probability of having had a recent Pap smear screening was 40% lower in the poorest wealth quintile (95% CI, 34%-44%); 21% lower in the second quintile (95% CI, 16%-26%); 12% higher in the fourth quintile (95% CI, 7%-18%); and 29% higher in the richest quintile (95% CI, 24%-35%). No consistent wealth gradient was observed with regard to recent Pap smear screening in Nicaragua and Peru. A recent doctor's visit was also a significant determinant of the probability of having a recent Pap smear screening. Compared to women who had not had a recent doctor's visit, the probability of this type of screening among those who had was 48% higher in Bolivia (95% CI, 39%-59%); 241% higher in Brazil (95% CI, 182%-312%); 98% higher in the Dominican Republic (95% CI, 85%-113%); 77% higher in Guatemala (95% CI, 36%-125%); and 94% higher in Nicaragua (95% CI, 67%-129%). In addition, compared to rural residents, the probability of Pap smear screening among urban residents was higher in Ecuador, Nicaragua, Peru, and Trinidad and Tobago. The opposite pattern was observed in Bolivia. Disadvantaged ethnic and racial groups, especially indigenous populations, were less likely to have received a Pap smear screening. For example, compared to Indian (indigenous) women in Guatemala, the probability of screening was 80% higher among Ladino women (95% CI, 46%-124%). Figure 1 depicts the predicted probability of a recent Pap smear and simultaneously considers the impact of wealth, type of residence, and a recent doctor's vist. All other covariates are set at the modal values for each country shown in Table 4 . In all countries, all women who reported a recent doctor's visit, including rural residents, experienced consistently higher probabilities of having a recent Pap smear screening. In addition, in Bolivia, Brazil, the Dominican Republic, and Guatemala, women with greater wealth experienced ever-increasing probabilities of having a recent Pap smear screening (Table  4) . This gradient was particularly high for women in Guatemala. For example, among women with a recent doctor's visit, the probability of having a recent Pap smear screening increased from 16% (95% CI, 11%-23%) to 43% (95% CI, 35%-50%) to 67% (95% CI, 57%-75%) in the poorest, middle, and richest wealth quintiles respectively.
DISCUSSION
This study has three important findings. First, the results suggest that knowledge of Pap smears may derive indirectly from greater educational attainment. Women with greater education may have greater awareness of and reap greater benefits from preventive medicine, exercise greater autonomy, and face lower cultural barriers to screening (22, 23) . Second, greater accumulation of wealth increases the likelihood of having a recent Pap smear screening. Women with greater wealth likely experience additional screening opportunities with private practitioners, and face fewer barriers, including transportation and household responsibilities (16, 24) . Greater wealth may also enable women with a diagnosis of cervical cancer to receive earlier treatment and regular follow-up. Third, in all Latin American countries included in the current study, having a recent doctor's visit was an important determinant of the probability of having a recent Pap smear screening. Adjusting for other socioeconomic covariates, women were between 47% and 244% more likely to have received a recent Pap smear screening if they had had a recent doctor's visit compared to those who had not. In Brazil, the Dominican Republic, Nicaragua, and Peru, even the poorest women with a recent doctor's visit were more likely to have received a Pap smear screening than the richest women without a recent visit. This relationship between a recent doctor's visit and screening may operate through several pathways. Screening may coincide with pre-or postnatal care or treatment of an illness, as opposed to women directly seeking preventive care (15, 17) . Access to health care likely increases considerably for women with health insurance or residing in countries with universal health insurance, as Pap smear screening is one of many preventive health services offered under these coverage programs (25) (26) .
Increasing Pap smear screening in Latin America may depend on two key efforts: raising awareness of preventive care within the community, and encouraging health care providers to advocate more effectively for this type of screening during their patients' visits. The effectiveness of raising awareness within the community has been demonstrated in two recent studies. The Porque Me Quiero, Me Cuido ("Because I like myself, I take care of myself") study set in Oaxaca, Mexico-one of the poorest and most rural states in Mexico-found that women's participation in sexual and reproductive health workshops led to significant increases in their knowledge of and participation in Pap smear screening (24) . The Tamizaje y Tratamiento Inmediato (TATI) project set in San Martin, Peru, organized educational events and workshops promoting cervical cancer screening. TATI also found that women's participation in community-based educational sessions had the greatest influence on whether or not they received a Pap smear screening. Furthermore, women who primarily sought care from health care providers, rather than self-treating with home-based remedies, were more likely to undergo Pap smear screening (13, 27) . Providers can have a large influence on their patients' health care decisions (28) and may be effective in addressing lack of knowledge and cultural barriers, particularly embarrassment, fear of pain, and the relationship (2) . Even among countries with adequate coverage, poor quality of cytology sampling, shortage of trained cytologists, and inadequate follow-up of positive findings reduce the overall effectiveness of screening programs (8, 14) . For example, only 25% of women with an abnormal cytology result received appropriate follow-up care in a 2003 study in San Martin, Peru (29) . In addition to limitations in health care systems, the cultural stigma of cervical cancer and its perceived association with multiple untreated sexually transmitted infections (STIs) may limit the effectiveness of screening (29) .
This study had several limitations. First, the results are based on self-reported Pap smear usage, which may be subject to recall and response bias. Second, three different standards for defining a Pap smear as "recent" were used ("within one year," "within three years," and "within five years"), according to the schedule of each country's DHS. The optimal screening interval remains an open empirical question and likely depends on previous history of precancerous or cancerous growths, age, sexual history, and genetic and environmental risk factors (30) . Third, both recent Pap smear usage and knowledge of Pap smears were not analyzed for all countries studied because information for the latter variable was not included in every national DHS dataset, and the availability of data for all covariates varied across the eight countries studied. To address this gap, separate statistical models were estimated to incorporate as many covariates as possible for each country. Given the limited availability of data on both recent Pap smear usage and Pap smear knowledge, it was not possible to assess the effect of the latter variable on the likelihood of having a Pap smear screening. Fourth, the results about usage and knowledge may not be representative within countries over time and across the Latin American region. Period and cohort effects may influence Pap smear screening patterns, although not necessarily in the same direction. Future analysis of additional DHS data and examination of age group-specific (35, 36) . In addition, increased screening efforts may result in decreased resources for treatment and HPV vaccination (37) . As new screening modalities, vaccinations, and treatments become available, the focus of strategies to reduce cervical cancer may shift away from Pap smears. However, the socioeconomic determinants identified in the current study may continue to perpetuate disparities unless directly addressed by antipoverty and education programs.
In conclusion, this study found several socioeconomic and health care factors that are important determinants of Pap smear knowledge and screening across eight countries in Latin America. Efforts to reduce poverty through education may increase Pap smear knowledge and use, and efforts to increase access to health care providers may be just as important as greater wealth accumulation.
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Objetivo. Evaluar las repercusiones del acceso a la atención de salud y de los determinantes socioeconómicos sobre la detección sistemática del cáncer cervicouterino con la prueba de Papanicolaou en América Latina. Métodos. Se recopilaron datos individuales a partir de Encuestas de Demografía y Salud realizadas en Bolivia, Brasil, Ecuador, Guatemala, Nicaragua, Perú, República Dominicana y Trinidad y Tobago entre 1987 y 2008. Se utilizaron análisis de regresión logística con múltiples variables para identificar los determinantes socioeconómicos y de atención de salud de dos resultados: el conocimiento de la existencia de la prueba de Papanicolaou y el tamizaje reciente con esta prueba. Resultados. En todos los países, la proporción de mujeres sometidas recientemente a la detección sistemática del cáncer cervicouterino con la prueba de Papanicolaou se mantuvo por debajo de 55%. Los determinantes fundamentales del conocimiento de la existencia de la prueba de Papanicolaou fueron edad, escolaridad y haber acudido recientemente a una consulta médica. En el caso del tamizaje reciente con esta prueba, los determinantes fundamentales fueron riqueza y consulta médica reciente. La probabilidad de que se hubiera realizado recientemente la prueba de Papanicolaou a una mujer fue de 1,47 a 3,44 veces mayor entre las mujeres que habían acudido al médico recientemente. Incluso las mujeres más pobres que habían acudido al médico recientemente presentaban mayor probabilidad de haber sido sometidas a la prueba que las mujeres más ricas sin consulta médica reciente. Conclusiones. Estos datos indican que acudir al médico es un determinante importante de las pruebas de detección sistemática del cáncer cervicouterino en América Latina y, dado que estas pueden coincidir con otras consultas médicas, los médicos están en condiciones de promoverlas con eficacia.
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